Objective: To study cholesterol absorption and excretion in ileostomy subjects with different intakes of saturated fat and dietary ®bre. Design: Short-term experimental study, with four controlled diets in repeated measurements. Setting: Out-patients at metabolic-ward kitchen. Subjects: Nine healthy volunteers with conventional ileostomy after colectomy because of ulcerative colitis. Interventions: Four diet periods, each of 3 days duration: high saturated fat and low dietary ®bre (STAND); reduced saturated fat (RESAT); high saturated fat and high ®bre (FATFIB); and reduced saturated fat and high ®bre (RESATFIB). Main outcome measures: Absorption of cholesterol, and ileal excretion of cholesterol, bile acids, fat and energy. Differences between diets evaluated with Friedman's two-way analysis of variance by rank sum with Bonferroni adjustment, and post hoc differences assessed by rank sum comparison. Results: RESAT and RESATFIB reduced fractional cholesterol absorption by 7% and 10%; RESATFIB and FATFIB increased net cholesterol excretion by 46% and 54% respectively. Further, RESATFIB increased net sterol excretion by 18%, all compared to STAND (P`0.05 for all). All three intervention diets contained more phytosterols than STAND (P`0.05), and the phytosterol content was inversely correlated to fractional cholesterol absorption (r 7 0.77, P`0.01). Conclusions: Current nutrition recommendations to reduce saturated fat and increase dietary ®bre affect sterol excretion additively. The effect on cholesterol absorption might be partly explained by the content of dietary plant sterols. Sponsorship: Supported by grants from the Gothenburg Medical Society, grant numbers 94a086 and 99a082, and by the University of Gothenburg.
Introduction
Cardiovascular diseases are major health concerns in the industrialized part of the world. Hypercholesterolaemia is one of the established risk factors for the development of these diseases. Dietary interventions in metabolic ward studies have been shown to substantially reduce serum cholesterol levels (Clarke et al, 1997) , while the effects in fee-living subjects have been more moderate (Tang et al, 1998) . Nonetheless, even moderate reductions in serum cholesterol levels will have quite substantial effects on lowering the risk of ischaemic heart disease, as reviewed by Law et al (1994) . Dietary interventions have effects on both cholesterol levels and health (Hjermann et al, 1981; Ornish et al, 1990; Watts et al, 1992; Traeden et al, 1998) .
Pharmacological treatment of hypercholesterolaemia has been shown to be highly effective in secondary prevention of cardiovascular diseases (Scandinavian Simvastatin Survival Study, 1994) and also in primary prevention for patients with established hyperlipidaemia (Shepherd et al, 1995) . As secondary prevention for patients with coronary heart disease, diet is an integral part of the overall management (Wood et al, 1998) . A population-based primary prevention strategy relies on non-pharmacological interventions. Diet is fundamental in this respect, and national as well as international dietary guidelines have been issued with recommendations to reduce dietary intake of saturated fat and to increase intake of dietary ®bre (Sandstro Èm et al, 1996; Swedish National Food Administration, 1997; Wood et al, 1998) . Cholesterol can only be eliminated from the body by faecal excretion, except minor amounts of metabolites of steroid hormones in urine. Sterol balance studies have been performed to evaluate the dietary effects on sterol excretion (Connor et al, 1969; Grundy & Ahrens, 1969; Nestel et al, 1975) . These metabolic ward investigations were elaborate, but due to bacterial degradation and varying transit time, the precision was insuf®cient to settle the question of dietary effects on sterol excretion .
Increased intake of dietary ®bre has been reported to increase faecal sterol excretion and to decrease serum cholesterol levels, with more pronounced effects of soluble dietary ®bre (Jenkins et al, 1993) .
We have readdressed the question of dietary effects on sterol excretion by studying ileostomy subjects without resection of the small intestine (Sandberg et al, 1981) . In ileostomy subjects transit time is both shorter and less variable, and with far less bacterial degradation than in normal subjects (Sandberg et al, 1981) . With this approach, diets with potential to reduce serum cholesterol levels have been shown to increase sterol excretion from the small bowel, either as bile acids or as cholesterol. This has been shown with diets low in fat, or high in polyunsaturated fat (Bosaeus & Andersson, 1987) , high in monounsaturated fat , pectin (Bosaeus et al, 1986) and with oat-bran (Lia et al, 1995) . We have also reported increased cholesterol excretion from a`prudent' diet, that is, a diet in accordance with contemporary dietary guidelines of less saturated fat and more ®bre-rich foods (Ellega Êrd & Bosaeus, 1991) . Whether this increased excretion was due to decreased absorption andaor increased endogenous excretion could not be determined by the methods we used at that time. We have now re-investigated the effects of the currently recommended dietary modi®cations of reduced saturated fat and increased dietary ®bre, separate and in combination, on cholesterol excretion and absorption in ileostomy subjects on controlled diets, with similar cholesterol content but varying amounts of plant sterols.
Subjects, materials and methods

Subjects
Nine persons (three female, six male) volunteered for the study. Clinical data on the subjects are presented in Table  1 . Median age was 59 y (range 44 ± 74 y). Body mass index (BMI) was 23.2 kgam 2 (range 18.5 ± 27.0). Median serum cholesterol level was 6.1 mmolal (range 4.2 ± 7.8) and median serum triglyceride level was 1.5 mmolal (range 0.7 ± 2.3). All subjects had previously undergone proctocolectomy for ulcerative colitis and had well-functioning ileostomies. No additional small-bowel resections had been performed in any of the subjects. One subject was prescribed beta-blocking agents because of hypertension, and two subjects were on thyroxin substitution because of hypothyreosis. These medications were kept constant during the study. The other subjects appeared healthy, with no signs of anaemia, in¯ammation, diabetes, hepatic, renal or thyroid disease as judged by history, hospital records and standard laboratory tests. All subjects had stable bowel function at the time of the study. Informed consent was obtained from each participant. The study protocol was approved by the Ethics Committee of Sahlgrenska University Hospital.
Materials
Diets. The diets were composed of common food items with similar dishes in the four diets. The compositions of the diets, given in Table 2 , were calculated from Swedish food composition tables (Swedish National Food Administration, 1996a,b) and from analyses of energy, nitrogen, dietary ®bre, plant sterols and cholesterol. Duplicate portions of the diets were homogenized and lyophilized to constant weight before analysis. All main meals were prepared from the same batches of fat, ®sh and meat, cooked in advance in the metabolic kitchen and stored in special containers at 7 20 C. These containers were used for serving to minimize waste. All food was prepared and weighed under metabolic ward kitchen conditions. Only items on the menu were allowed and the participants were encouraged to eat all food served. To meet energy demands, one subject had 50% larger than normal portions of all items on the menu.
Methods
Protocol. Each subject was studied during four 3-day periods, on the same weekdays on each diet. The ®rst day of each period was used for adaptation and to minimize any Collection of ileostomy contents. Ileostomy contents were collected during the last 2 days of each period. Ileostomy bags were changed every second hour during the daytime and directly after awakening. The bags were immediately frozen on dry ice in Dewar vessels which the subjects kept at home. Each morning the bags were delivered to the metabolic ward, weighed and stored at 7 20 C before freeze-drying to constant weight. The dry frozen ileostomy contents were meticulously ground and mixed before chemical analysis.
Chemical analyses. Wet weight, dry weight and nitrogen content of ileostomy ef¯uent were determined as previously described (Sandberg et al, 1991) . Fat was analysed according to van de Kamer et al (1949) . Energy of the diets and of ileostomy ef¯uent were determined by combustion in a Gallenkamp bomb calorimeter (Loughborough, Leicestershire, UK). The nitrogen content of the diets was determined with a modi®ed micro-Kjeldahl method (Sandberg et al, 1981) . Total dietary ®bre was measured after enzymatic hydrolysis (Asp et al, 1983) . Determinations of cholesterol and plant sterols in the diets, as well as cholesterol, sterols and bile acids in the ileostomy contents were made by gas ± liquid chromatography as previously described (Bosaeus & Andersson, 1987) .
Before starting the study, standard laboratory tests, including total serum cholesterol, triglycerides and apolipoprotein E (apo E) phenotype, were determined by current methods at the Central Laboratory for Clinical Chemistry, Sahlgrenska University Hospital. Serum samples for analyses speci®c to the study were collected after overnight fast, directly before and after each diet period, and subsequently stored at 7 20 C before analysis, which was performed batchwise. Serum lathosterol was determined as trimethylsilyl derivatives by gas ± liquid chromatography on a 0.32 mm650 m capillary column, as proposed by Miettinen (Miettinen, 1982) . Lathosterol was expressed in mga100 mmol cholesterol as simultaneously derived during analysis. The coef®cient of variation in duplicate samples was 4.8%. Routine clinical chemistry determination of serum cholesterol levels and cholesterol determined by gas ± liquid chromatography were highly correlated, r Pearson 0.95, P`0.01, 7a-hydroxy-4-cholesten-3-one was determined by HPLC according to Axelson and coworkers (Axelson et al, 1988) . The variation coef®cient for duplicate samples was 7%.
Isotope analyses. Isotope activities were assayed by liquid scintillation counting in a Beckman Tricarb 1900TR with automatic external standardization, and corrected for quenching by internal standards, as we have described previously (Ellega Êrd & Bosaeus, 1994 Fractional cholesterol absorption was calculated from isotope ratios in ileostomy ef¯uent as we have described previously (Ellega Êrd et al, 1997) .
Absolute absorption of cholesterol was calculated as fractional cholesterol absorption multiplied by cholesterol intake. Endogenous cholesterol excretion was calculated by subtracting unabsorbed dietary cholesterol from cholesterol excretion.
All descriptive values are given as medians for 24 h with ranges unless otherwise stated. Differences between diets were assessed with Friedman two-way analysis of variance by ranks, using the computer package SYSTAT 1 version 7.01 for Windows 1 (SPSS Inc., 1997). Bonferroni correction was used to adjust for mass signi®cance with multiple testing. Primary P-values were multiplied with the number of variables studied, and the resulting P-values used subsequently. A ®nal P-value of`0.05 was considered as signi®cant. Post hoc testing was performed by comparison of rank sums (Siegel & Castellan, 1988) . Correlation between excretion and absorption was determined by linear regression for the individual slopes and correlation coef®cients on the four experimental diets, averaged and tested by one-sample t-test, with Bonferroni correction. Correlation between apo E phenotype and cholesterol absorption and sterol excretion was assessed by Spearman's correlation by rank. Correlations between serum lipids vs cholesterol absorption and sterol excretion were assessed by linear regression.
Results
All diets were well tolerated and consumed without leftovers. Excretion data are summarized in Table 3 .
Stomal output, energy and nutrients On the reduced saturated fat (RESAT) diet, in which only saturated fat was reduced, there were no signi®cant changes in stomal output or energy excretion compared to the high saturated fat and low dietary ®bre (STAND) diet. On the high ®bre diets, containing 14 g more dietary ®bre than the low ®bre diets according to food composite analysis, the following statistically signi®cant changes (P`0.05) were seen relative to the low ®bre diets:
(1) Stomal output measured as wet weight increased by 40% (range 22 ± 54%) on the high saturated fat and high FATFIB diet compared to STAND, whereas the increase on RESATFIB diet was only nominal at 0.6 g ( 7 1.2 ± 1.3 g), but signi®cant at 2.3 g (0.1 ± 2.4 g) compared to the RESAT diet. (6) Gross energy excretion increased by 520 kJ (420 ± 620 kJ) on both ®bre rich diets.
Cholesterol absorption
Fractional cholesterol absorption decreased by 7% (range 5 ± 13%) on the RESAT diet and by 10% (range 5 ± 24%) on the RESATFIB diet, but only nominally by 5% (ranging from 24% decrease to 5% increase) on the FATFIB diet in comparison with the absorption on the STAND diet, as shown in Figure 1 . There were no signi®cant differences in fractional cholesterol absorption between the three modi®ed diets. Fractional cholesterol absorption was inversely correlated to plant sterol excretion as shown in Figure 2 , with a mean correlation coef®cient r Pearson 7 0.77 (P`0.01), with a mean slope of 7 3.5%-units per 100 mg plant sterols excreted (P`0.01).
Median absolute absorption of cholesterol decreased by 11 mgaday (range 7 42 ± 5 mgaday) on the FATFIB diet, 19 mgaday ( 7 48 ± 11 mgaday) on the RESATFIB diet (P`0.05 for both), and only insigni®cantly on the RESAT diet compared to the STAND diet. Again, there were no signi®cant differences in cholesterol absorption between the three modi®ed diets. The absolute cholesterol absorption was negatively correlated to plant sterol excretion, with mean correlation coef®cient of 7 0.78 (P`0.01), and a mean slope of 11 mg less cholesterol absorbed per 100 mg plant sterols excreted (P`0.01). There was a negative correlation between cholesterol absorption and dietary ®bre excretion with STAND high fat, low ®bre; RESAT low fat, low ®bre; FATFIB high fat, high ®bre; RESATFIB low fat, high ®bre. Different superscript letters indicate signi®cant differences when rank sums were compared post hoc, with a`0.05 (two-tailed). Figure 1 Relative changes in percentages compared to standard diet for fractional cholesterol absorption and net cholesterol, bile acid and net sterol excretion in nine ileostomy subjects. Differences between diets were assessed with Friedman two-way analysis of variance by ranks with Bonferroni adjustment. Post hoc testing was performed by comparison of rank sums relative to the standard diet. STAND high saturated fat, low ®bre, RESAT low saturated fat, low ®bre, FATFIB high saturated fat, high ®bre, RESATFIB low saturated fat, high ®bre. Different superscript letters indicate signi®cant differences, with a representing STAND diet, when rank sums were compared post hoc, with a`0.05 (two-tailed).
Cholesterol absorption and excretion in ileostomy subjects L Ellega Êrd et al (r Pearson 7 0.64, P`0.05) and a slope of 1 mg less cholesterol absorbed per gram dietary ®bre excreted (P`0.01). Plant sterol excretion itself was positively correlated to dietary ®bre excretion (r Pearson 0.54, P`0.01), with a slope of 7.5 mg extra plant sterol per gram dietary ®bre excreted (P`0.01).
Sterol excretion
Excretion data are summarized in Table 3 , and relative changes in sterol excretion compared with the STAND diet are shown in Figure 1 .
On the RESAT diet the excretion of cholesterol, bile acids, and net sterols did not change signi®cantly compared with the STAND diet.
The FATFIB diet increased net cholesterol excretion by 54% (range 7 8 ± 102%), while bile acid and net sterol excretion were not signi®cantly altered. The RESATFIB diet resulted in a 46% increase of net cholesterol excretion (range 7 5% ± 104%) compared with the STAND diet, with only nominal increase in bile acid excretion, but nonetheless an 18% increase (range 12 ± 68%) in net sterol excretion. There were no signi®cant differences in net sterol excretion, nor in net cholesterol excretion, between the two high ®bre diets, but they both differed from the RESAT diet in net cholesterol excretion, as shown in Figure 1 .
Median endogenous cholesterol excretion increased by 29% (range 4 ± 46%) on the FATFIB, and by 27% (range 3 ± 34%) on the RESATFIB diet compared with the STAND diet. There were no signi®cant differences in endogenous cholesterol excretion between the two high ®bre diets. No signi®cant change occurred on the RESAT relative to the STANDARD diet.
Excretion of plant sterols (sitosterol, campesterol and stigmasterol) was 45% (range 24 ± 72%) higher on the RESAT diet, 53% (range 27 ± 81%) higher on the FATFIB, and 87% (range 67 ± 109%) higher on the RESATFIB compared with the STAND diet, where only the high ®bre diets differed signi®cantly from the STAND diet, and with no signi®cant differences between the three modi®ed diets.
Serum lipids
No signi®cant changes were detected during the 72 h on each diet in median serum levels of total cholesterol, triglycerides, lathosterol, or 7a-hydroxy-4-cholesten-3-one (data not shown). Serum cholesterol levels prior to study were correlated to the magnitude of decrease in cholesterol absorption on the RESATFIB diet, r 7 0.79 (P`0.05). There were no correlations between fasting triglyceride levels, nor apo E phenotype, and cholesterol absorption or sterol excretion (data not shown).
Discussion
The main ®ndings in this study are that, in ileostomy subjects within 48 h on controlled diets, dietary modi®ca-tions with less saturated fat and more dietary ®bre will reduce cholesterol absorption in relation to plant sterol excretion, and increase net cholesterol excretion, in a roughly additive manner.
An isolated reduction in saturated fat, compensated with carbohydrates, seems to reduce fractional cholesterol absorption rather than increase net cholesterol excretion. More dietary ®bre, from vegetables, fruits and cereals in a high saturated fat diet, increases both net cholesterol excretion and endogenous cholesterol excretion. With these two modi®cations combined, as in the RESATFIB diet, net sterol excretion increases, together with net cholesterol and endogenous cholesterol excretion, while cholesterol absorption, both fractional and absolute, decreases. These ®ndings on cholesterol excretion are well in line with Figure 2 Relationship between plant sterol excretion and fractional cholesterol absorption in nine ileostomy subjects on four different diets. Filled circles STANDARD high saturated fat, low ®bre; ®lled triangles RESAT low saturated fat, low ®bre; Stars FATFIB high saturated fat, high ®bre; stars in circles RESATFIB low saturated fat, high ®bre. Mean correlation, r 7 0.77 (P`0.01), slope 7 0.036%amg plant sterol excreted (P`0.01).
Cholesterol absorption and excretion in ileostomy subjects L Ellega Êrd et al a previous study from our laboratory (Ellega Êrd & Bosaeus, 1991) , where a similar standard diet was compared to twò prudent' diets with reduced saturated fat, with or without extra dietary ®bre. However, no assessment of cholesterol absorption was made in the previous study, nor was the dietary combination of high saturated fat and high dietary ®bre investigated in that study. The diet with the reduced saturated fat alone did not signi®cantly increase cholesterol excretion. However, a signi®cant increase by 56% occurred when the same fat reduction was combined with the recommended increase in dietary ®bre from a mixed, controlled diet. Note that this ®gure is quite close to the 46% increase on the RESATFIB diet found in the present study. In both studies, changes in bile acid excretion were highly variable, and no signi®cant changes were detected. Net sterol excretion changes were also similar in both studies, with small nominal increases on the RESAT diets, a nominal 11% increase on the RESATFIB diet in 1991 and a signi®cant 18% increase on the RESATFIB diet in the present study. In the present study we reinvestigated the three diets from the 1991 study, adding measurements of cholesterol absorption. We also included the third combination of fat and ®bre modi®cations, the FATFIB diet, with both high saturated fat and high dietary ®bre content. The results from the FATFIB diet indicate that moderate amounts of dietary ®bre in a mixed diet, even in the presence of high amounts of saturated fat, will decrease absolute cholesterol absorption and increase cholesterol excretion. The cholesterol excretion was increased both measured as net cholesterol excretion and as endogenous cholesterol excretion. In both studies, dietary cholesterol intakes were kept constant between diets by adding egg yolk in order to separate effects or reduced saturated fat from different cholesterol intake, as both saturated fat and cholesterol in Western diets are found mainly in fatty dairy products, meat and pork. With less dietary cholesterol, net cholesterol excretion would probably be increased, as suggested by one of our earlier studies (Ellega Êrd & Bosaeus, 1994) .
We found negative correlations between fractional (and absolute) cholesterol absorption and plant sterol excretion as illustrated in Figure 2 ). Plant sterol excretion will re¯ect dietary intake, as the absorption of b-sitosterol, the major component of plant sterols, is very poor (Salen et al, 1970; Heinemann et al, 1993) . A similar, although weaker correlation has been reported by Miettinen, who found a coef®-cient of correlation of 7 0.25 between dietary plant sterols, determined as faecal plant sterols, and fractional cholesterol absorption in 63 middle-aged men on self-selected diets (Miettinen & Kesaniemi, 1989) . This is also in agreement with human perfusion studies where there was a similar negative correlation between fractional cholesterol absorption and the ratio of sitosterol to cholesterol presented in the perfusion tube (Heinemann et al, 1993) . There was also a negative correlation between cholesterol absorption and dietary ®bre excretion, although somewhat weaker than for plant sterol excretion (r Pearson 7 0.64). Plant sterol excretion itself was positively but more weakly correlated to dietary ®bre excretion (r Pearson 0.54). Thus it is not possible from this study to separate the effects of plant sterols from the effects of dietary ®bre on cholesterol absorption.
Soluble ®bres have been reported to decrease cholesterol absorption and to consistently increase faecal excretion of bile acids, but not of neutral sterols, as recently reviewed by Lairon (1996) . In ileostomy subjects, the addition of 15 g of pectin (Bosaeus et al, 1986) , 118 g oat-bran (Zhang et al, 1992) , or 12 g of b-glucans in oats (Lia et al, 1995) all resulted in higher bile acid excretion. On the other hand, 32 g sugar-beet ®bre concentrate, of which 73% was a mixture of soluble and insoluble ®bre, actually decreased bile acid excretion and increased cholesterol excretion (Langkilde et al, 1993) . Sodium alginate is a soluble dietary ®bre mixture with jellying properties similar to pectin, but without hypocholesterolaemic effects. The addition of 7.5 g sodium alginate to ileostomy subjects on controlled diets actually led to decreased bile acid excretion, unchanged cholesterol excretion and thus to a decreased net sterol excretion (Sandberg et al, 1994) . Dietary ®bre from common food items such as cereals, fruits and vegetables have not shown any consistent effects on bile acid excretion, but rather a tendency to increase cholesterol excretion (Bosaeus & Andersson, 1987; Ellega Êrd & Bosaeus, 1991) . The addition of 12 g of b-glucans in barley gave a similar response when given to ileostomy subjects (Lia et al, 1995) . In the present study no signi®cant changes in bile acid excretion could be detected, but net cholesterol excretion increased on both high ®bre diets, compared to both low ®bre diets. Thus, both the quantity and the quality of dietary ®bre are important for the effects on cholesterol metabolism in man. This has also been shown in a recent meta-analysis on the cholesterol-lowering effects of dietary ®bre (Brown et al, 1999) .
Additive effects of fat modi®cation and ®bre supplementation on serum cholesterol levels have been reported (Kay et al, 1985) . Thirty-®ve grams ®bre per day from food and forti®ed cereals reduced serum cholesterol levels even further than a diet in accordance with the National Cholesterol Education Programme (Mekki et al, 1997) . Addition of 3 g soluble dietary ®bre reduced cholesterol levels further than a step 2 American Heart Association diet (Anderson et al, 1992) .
Serum lathosterol and 7a-hydroxy-4-cholesten-3-one responses to the experimental diets were highly variable. This indicates that in the present study, these indirect methods to measure cholesterol synthesis and bile acid production have a lower sensitivity to dietary changes than what is achieved in short-term sterol balances using the ileostomy model. Still, serum lathosterol concentration has previously been shown to be an indicator of cholesterol synthesis with a correlation of r Pearson 0.70 to cholesterol balance, indicating that approximately 50% of the variation in cholesterol balance could be accounted for by changes in serum lathosterol concentration (Kempen et al, 1988) .
The increase in energy excretion on the two diets with more dietary ®bre was anticipated. It could be explained by 16.6 g extra dietary ®bre which yield 282 kJ, 4.4 g extra protein with 75 kJ and 1.1 g extra fat which contribute 43 kJ, to a total of 400 kJ. This equals 77% of the 520 kJ difference on the FATFIB diet compared with the STAND diet. Fat excretion showed a lower increase on RESATFIB diet, accordingly 72% of the additional energy was accounted for. Similarly, fat excretion was nominally 0.8 g (0.2 ± 1.2 g) less on the other low-fat diet, RESAT, than on the STAND diet. Thus, extra dietary ®bre from solid foods increases energy excretion from the small bowel, although the extra energy losses are low, around 5% of energy intake. In normal subjects it would probably be even lower as dietary ®bre will be partially fermented by Cholesterol absorption and excretion in ileostomy subjects L Ellega Êrd et al the large bowel micro¯ora to short-chain fatty acids which yield energy when absorbed (Cummings, 1984) .
In the previous study with low-fat high ®bre diet (Ellega Êrd & Bosaeus, 1991) , the addition of 16 g dietary ®bre calculated from food tables resulted in an increase of 19 g more ®bre excreted according to analysis, together with 4.4 g of protein and 1 g of fat (Andersson et al, 1996) . Taken together, this accounts for 68% of the energy, or 437 kJ out of 640 kJ totally excreted. The remaining dry matter excretion has been further analysed, and shown to be composed of other carbohydrates, starch and mucus, but also some organic acids (Andersson et al, 1996) . In summary, current dietary guidelines and nutrition recommendations focus on reducing saturated fat intake, keeping cholesterol intake below 300 mg and increasing dietary ®bre from solid foods. When adhering to these recommendations each step adds to the other: reduced intake of saturated fat decreases fractional (but not absolute) cholesterol absorption, (and will normally also tend to decrease cholesterol intake), without signi®cantly changing cholesterol excretion. More dietary ®bre, in a diet high in saturated fat, decreases absolute (but not fractional) cholesterol absorption and increases cholesterol excretion. The combination of both modi®cations reduces both fractional and absolute cholesterol absorption, and increases both cholesterol and sterol excretion from the small intestine. The decrease in cholesterol absorption is correlated to plant sterol excretion. Reducing cholesterol intake increases net cholesterol excretion as shown previously (Ellega Êrd & Bosaeus, 1994) . Thus, recommended dietary modi®cations with reduced saturated fat and increased dietary ®bre intake decrease cholesterol absorption and increase net cholesterol and sterol excretion, thereby diminishing cholesterol load. This study also adds to the increasing number of observations that dietary plant sterol content may be an important determinant of cholesterol metabolism, together with cholesterol itself (Vanhanen et al, 1994; Jones et al, 1997; Miettinen & Gylling, 1999; Hendriks et al, 1999) . Accordingly, the question might be raised whether plant sterol content may be as important as fatty acid composition and dietary fat content in the regulation of sterol balance in man.
